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(54) OPTICAL AUTOMATIC EQUALIZER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a preset 
dispersion equalizing function and an adaptive dispersion 
equalizing function and to correct both the timing jitter 
and intensity fluctuations of a signal at the same time. 
SOLUTION: This equalizer comprises the two functions 
of a dispersion equalization part 1 and a waveform 
shaping part 4. The dispersion equalizer 1 is composed 
of a rough operation part 2 which selects dispersed 
media and roughly equalizes dispersion and a fine 
operation part 3 which performs fine dispersion 
equalization by controlling a variable dispersion equalizer 
having two kinds of chirp fiber gratings combined. The 
waveform shaping part 4 is composed of a timing jitter 
correction part 5 which makes the pulse width narrow by 
optical modulation synchronized with a clock signal and 
reduces timing jitter and an intensity fluctuation 
correction part 6 which amplifies signal light to large 
power by a basic soliton, inputs it to a dispersed medium 
with high nonlinearity to convert intensity fluctuations 

into spectrum extent fluctuations, and outputs the signal light having the intensity fluctuations 
of the signal light removed through an optical band-pass filter. 
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[0048] 

[Embodiment of invention] (Embodiment of dispersion equalization unit 1) The 
drawing in Fig. 22 indicates the configuration of an embodiment of the dispersion 
equalization unit 1 . The principle configuration of the coarse adjustment unit 2 
contained in this drawing has already been presented in Fig.2. We will now describe the 
configuration of a clock acquiring circuit 23 in detail. The clock acquiring circuit 23 
comprises a photodiode (PD) 23 1, which converts an optical signal decoupled at the 
optical coupler 24 into an electric signal, a band pass filter (BPF) 233, which filters thus 
obtained electric signal and a RF detector 233, which receives the filtered electric signal, 
detects a level of a clock signal associated with the received electric signal and convey 
the detected clock signal level to a control circuit 25. The principle configuration of the 
fine adjustment unit 3 contained in this drawing has already been presented in Fig.3. 
The configuration of the variable dispersion equalization unit 3 1 has been presented in 
Figs. 4 &5. And the configuration of the clock acquiring circuit 32 has been presented in 
Fig. 12. 

[0049] (Pre-set dispersion equalization) According to the embodiment the pre-set 
dispersion equalization method employed at the time of introducing the system is as 
follows. It is assumed that dispersion equalization unit 1 is disposed in a manner 
attached to a portion within each of linear relaying units that are located at positions 80 
km apart each other. The dispersion medium 21-1-21-4 held in each of the coarse 
adjustment units 2 is constituted by a dispersion compensation fiber and a dispersion 
slop compensation fiber. The dispersion slop compensation fiber used here is for 
achieving a flatness of dispersion with respect to the dispersion attributable to the coarse 
adjustment unit 2. It is acceptable to replace the dispersion compensation fiber with a 
linear chirp fiber grating. The variable dispersion equalization unit 3 1 of the fine 
adjustment unit 3 is constituted by a medium of which the group delay profile is reverse 
of the group delay profile of a subject optical transmission fiber (dispersion shift fiber). 
If we suppose that the dispersion amounts of the dispersion media 21-1 - 21-4 fall 
within the range between -40 ps/nm and +40 ps/nm for the 1550 nm signal wave, we 
can use optical fibers of —30 ps/nm, -10 ps/nm, +10 ps/nm and +30 ps/nm because the 
coarse adjustment unit 2 will accomplish a dispersion compensation in a coarse manner 
and the dispersion amount variable range of each fine adjustment unit 3 is 20 ps/nm. 
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[Fig. 22] Configuration of embodiment of dispersion equalization unit 1 

2: coarse adjustment unit 2 

3: fine adjustment unit 3 

25: control circuit 25 

233: RF detector 233 

34: control circuit 34 

321: positive 

322: negative 

325-1: RF detector 

325-2: RF detector 

0 path 1 

(D path 2 
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£ 0 ca><!:£a>#Si£0 1 3 (b) re**. 
[00 3 s] (#«*<b»i (D^u-b^ h#fiMHbir#<D 

»fJO i^±*Lfc»**ft»1 0)tt«|«2i3cfel/«»» 

wttm 4t#iLtnwt*. 01 4(a) tt^y-b 

V M»fti(D«it#t. »»->7h77-f/< (DS 
F) 0)»ttttDfiJ:tf«MIISBr c jWl«ttftA 8 iE 
(cfcfLT. *-*l<?*lD a fc<fct/r a l=fto"Cl**. 0 1 
4(b) ttftltffi2(zj:««fbA9tta)tttt«^r. Mt 
tt2?aaft#0tttlt (DCF) £C<tlc<J; 

y. tt«x«A 8 ig i=»"r*»»«D»*oftt»»iiJs 

r g **L'f+LDb fcctl/rb C:ft*o 0 1 4(c) it 
«Mff3(C < fe^«b«l31»(D«JS*^-ro 0ifiaJ3<7>Rl 
K»fiMMb»3 10)*1k««a>4iibft««*»RtS«A 
0 <t-a-f^<l:5(r*I»-r*c^frj;y. «4b«tt±tt 
-C#tfcS£ oict?£. ^'J-b^ h&WmttfifttoM. 

[0039] (^^^b§u 1 comf&ftmmt&fomft) 
ajCKibft^fa>sttxibi=j:y. ft^T-f/<eai» (» 

/\7b-f>f^3 1 1, 3 1 20>JS»aft«*^i — 

->y-r*c^(Ccfcy. «»aasfi^pj!E^»^b»3 


(6) 
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1 <D&itf&&<D#fo&&£-&Zl±Z>Ztf)<V$Z 0 Z 

*U=*y« KSL&mZZHtTZZktfVtZo 
[0 0 4 0] ZZt, C(D#»&MB#(C*±-f£#»<l 
Df $12 1 Glz&-3^xttnTtZ>t'X<D&5lzts:& 0 £ 
"*\ ^S(y7h77^A' (DSF) <D#gffi»«:£ 
r g (DSF) = (1/2) Do(A-Ao) 2 "(9) 

a as*. A 0 f*«»»«*-e&^o 

[004 1] — ?77>f/^l/- x-f 

r g (NLCFG) I*. 

— (Do A A 2/ 2 + Do A A 2/2) 
fc#*>&*U #K«Df r*B«AB<DM#(::*LlM*>-e 
Df =-DoA A -(13) 

[0043] cfcoT. «M»3<Z>^P«V^ttttilHlS&3 2 

T?8B1, 2*»*«-^-cfi* 0 1 7(c^-rcfc5fc. * 

ft*ftBtts#»«a>B»*«rt4b za>#»*»fc* 

9 !=*#*«* * RTft«MRtMbV3 1 a>«4b«J*a> 

■h>b**-**i**. ctuc^y. ^(RKnt^b-r 

[0 0 4 4] (aWfi^»4a>*^5>yv^4i»jE» 

snmmm) 01 sit* mmteu*a>*<i 

**«#*ttai^«*P-y*tttfilEltt5 3i:. ^D^^ 
SS5 4<t. C(DjfcB«#(=*yA*«*#*HM*B^ 

« 5t^sas 5 5 1= * y s *i « „ 
[0045] ca>j:3<Pfll*a>*^5>ys?^*»iE» 
sicA*s*ifc«##i** 121 9(c^^r^aic. atbu 

a>/^ux«3b«ii«nicK < * y . * -f s >9*>v * tm 
t&y. stf^ hu- hesivA-fA-ewH^ftor < 

*PMDic**a»i£36<ys««L. fc&3§8l£fc5§ir 

[0046] (fctemteU 4 (D5££*g b jEff 6 a>« 
*«) 0 2 Of*. ft^SJ^ffl4(7>54Jgffif>^MjEffi6a) 
«/S#l£^-ro Bdfcivc. &jSffi&if?ifIEfll6(*« % 

i£<SSS6 1 <fc. BIMBK&tt»>:7 h?7-f'N' (DSF) 
6 24, (*BPF) 6 3MCKIII 

fc«j*-ca*. *ii<s»6 1 ti*yj h>*y*#tt 

z*'?— lcJtH**i,fcA*«#3fef** 02 1 ic^-T^^ir 
afiSb^totl^o ^8IM»DSF6 2i: 

a-rt. SBttffiaBi=cfeor«#/<;ux<z>ai*ffl&a? 

h>uffi3&<y<D«6a?(cjt»**L*o za>^<? 
hyuj£A<ya>«&g?ii* *b p f 6 3 ^ii^cticj: y 


r g (NLCFG)=-(t/2) Do(A-Ao) 2 -(10) 

[0042] zzv. !Mfcl:J;y»^>7h77-r 
/<0)*5MRB*tfA A«rt*BMlcK1bLfe&r« 

»av7h77^f/<0)8IEMtt(t 
r g (DSF) = (1/2) Do {A-(Ao+A A)) 2 ...(H) 

£fc£o C<Z>S(10)i:5C(11)<D^a»«<D«/SAfec*:tf 

A (Ao . Do A A 2/ 2 ) 

B (Ao+AA, -D0AA2/2) 

A A = — DoA A -(12) 

»***t*. C*t(cj:y. A*tt«3fe0>BftB&?*<ft 

[0 0 4 7] CO«fc3ttSift«6'3?»jE«P6tt. 
^/<£5fe*<bB/S«^£ LTBlv V'Jh>l:J:M« 

^£ LTBi *ftcfciMHrg&s. 

[0 0 4 8] 

amm i&*mit» 1 mud 0221*. 

<b»i(D*»««j«*3i*-r. Sicfctxr. 5Mft*1b*l 
<oa«i«2a)»*«irtitH2(r^-r : fea>T?fty. zzx* 
tt^p^^atbnB2 3(D«irt*»(*M(c*-r. ^p*; 

' ^»titi[alSS2 3 f*. ft*?7 2 4tf»KLfcffftt7 
*HT-f*-K (PD) 23 1T?MI*C«»U C 
I (Dlftff*»ia7Y (BPF) 23 2^LTR 

mi. w»BB2 5jcA*-r*o K&mim ^ <D®im& 
i 3 0>»*l«fi8r*B3iz^-rti(DT?*y. wK»tk*<b* , 
. 3 io>mf&i*®4. 5f=»*ray-efty. ^p^ttta 

[S18&3 2O>«fi£lA0 1 2ic^-rayTffc* 0 
[00 4 9] (^U-fe* MMMMb) yXfA8ARi: 

£it«^y-b^ h»»^b*aa>SM6«*^-r. 

«• *iaffl5 2<7>#?&!«&2 1-1-2 i-4i:it 5MR I 

M77-f/^»8XP«^W77-f/<t«l>4. » ! 
»AP — ^««7 7-f /<£BL**G)f±. 3tU)SP2-e<7># : 
a$77^hl:nf:A'e^c »M«77-f/<©« 

fcyic mm?*— -?-?t4*w\s— >y«s^t . 

ticfcl*. *fc. BB03?(DWK»fik94bB3 1 l=l* % 

^T-<;u4:±<»cD2$iis^p^z^;u*tota>^ffl 
»tk«R2 1-1-21 -4<&#gtfil£ 

«#*a*1550nm(cj3l\T-40ps/nm ~+40ps/nm <!: 

. (Dt?. »iifi3 3<D^tftflS^i!)pJ^tSCD20ps/nni 
L. -30ps/nm . -10ps/nm % +10ps/nm „ +30ps/nm 

[0050] amsp 3 a> Ri^^tfe^^bs 3 1 p 


(7) 
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Do =-8n g L/(cAA2) -(14) 

A A = (-8n g L/(cD0))V2 
= (8 x1.47x10[mm]>/(3 x 
= 8.4[nm] 

[0051] tzzx*. ^muumm*) vzffr&i&mz 

?IZ7#T4 <— : > a £ ^&«igfi« < fc* c 

<fc*<*Pb*i-Cl^ (#Sf:fc:iK10 : D. Pastor et al.,"Des 
ign of Apodised Linearly Chirped Fiber Grating for 
Dispersion Compensation", IEEE J. Lightwave Techno 
I., vol.14, no.11, p. 2581. 1996) 0 m®)&mt)< 8. 4 n 

38 ps/nm £fc5 0 #SfiI£<b<Z>**a£ « <t . - 
lOps/nm ~ + 10ps/nm *»B»3 <D^afflft»Rlffi«« 

[0 0 5 2] d<7><t#. pJ£#Sfe^b§§3 1 a>t?xy* 
^3 1 6(C^E£EP*QU 1 ^^-V — -J?T<<i<>y\s 
— T4><? (§yi/-f>f >^gfi10mm) 311.3 

1 2$ 0.3%<*l£-f »fc««a>*i&a«* 3.5mm 
&<bS-t>-£c:<t*<T?££o 

[0 0 5 3] \a±0>mtfilZtel^X . yXfASA^lC, 

M»2fl)«X-f^f 2 2- 1, 2 2-2*«y»iL. 

#ttaR2 1 - 1 ~2 1 -4 an o$-s«"r^ 0 

[0 0 5 4] a«»2T**A^tt»»«ft*ffofc« 
(c. «S)gP3-C?(iiEa>^tfe (+5ps/nm)**-r4#7 7 

^<3 2KD8»it, &a>**» (-sps/mo**-*-* 

*77-f/<3 2 2<D«»2 **tL**taaLfc«#^6 
^□'^fi§^l/S«$tl»o C<7)££\ 0 1 3lZ7Fi 

«fl»Ma>h) Kttt^aic »iMWfcl3 1 £«? 

*t-SfW77-f^U-f^^3 1 1, 312 

<bw 1 (Dti3^(i^-3t^^ □ «y i/^;^ita < -r 

[0 0 5 5] (»&4MR*1b) #Z\Z. ->Xt-AJI«B»I= 

««s»i<D«B»3T?tT**K«. *'JHr* HMbiPMI 
ic, jE0>#» (+5ps/rTm)£^-f £5fc?r-0<3 2 10 
ftttlfc. ^cD^gfe <-5ps/nm)**rr*3fc?7>f/<3 

2 2 2 * ^ L fcfi#fr 6 ? P * £ 


P — ^(iO. 07ps/km/nm2 T?ft£<7)Tj. 80 k m<D#tJt:>:7 
h^r-f /<<*>#lfcXP — ^fi5.6ps/nm2 <tfc£ 0 ca># 
«XQ-**tt«r*W*#«»fc»3 1(0 (L=10m 
m) 0>*«AAta(14)lcJ:yW-*"r*i:. 

108 [m/s] x5.6[ps/nm2]))1/2 

fctt^a>a*Kft( = cfc o r* ? r * / <fiHU§OE)*«MRS 
StffcflsU 11 7lc^-r«fc5lc^|fcfliDf 
5c C05MMEIIf=<*:y. B 1 3(c^-TJ:3(c. <Er ^> 
A^8B0)9 □ y ^fif U><^*<** < 44 o z.a><?o 
*>^Wl/^<Hi:ii:4*«fc5i:, RTR#»aHbS 

3 1 *«fiM-*^* — ?77-f/^ ^ >^ 3 1 
1. 3 120)gJtafi8$fa-->mo CifclCj; 

[0 0 5 6] (*^»^ffl4(D3IJ6«||) H2 3I4. 

rti<z>-efcy. cc-ci*#»a>mfi««**3F-r. 

?7 5 1T?»*LfcOT*li, 7t h^-f K (P 
D) 5 2 1 t?«*MM-|::Mft**U «SU8tHff5 2 2- 
K *«^<;U^ (BPF) 5 2 3. «ftitK»5 2 2 
-2^Ltf/\V^5 2 4T2M*^o 
5 2 4 1? 2»U if *lfc-*<DIMt(* R F 7 < 7^ ^ 
5 3 1 lCA***lT^P-V^«*A<*Sffl**l. **<7>B 
ft«#l*tt«->7* 5 4 1 f::A2)£*l£o *J»lH}S&5 3 
2 1*. RF7^7^>53 1tiBi*lMD*^« 

lc*ytta->^* 5 4 1 £M«PU ^P-y^*^irH»| 
LfcMMi#*±drt-«. fitti/7^5 4 1*6lBA)d 
ti^SiH(i#liSai8*SS5 4 2T?ltte*H. *&i@8g 
5 5tMLTA*««t»ti. c*U=J:y, ft 

[oo5 7] x»m»»*<ottm*&ttTE»ea>mfti 

liH2 0i:*fiytft*. 6 1 Ti A 

SWV'J h>*y**ft/W— (1.6 i*VU h>/< 
7-) (clg(S^-5 0 zh»Mft»5MfcS'7 K77-f/< 
62 (MFD=5.2 /i m. D = + 3. 2ps/km/nm . L =1. 

3 zo ) i=*rt* SBtt««ni:j:yOT/<^fl!)ai 
flEaas?!*^^* h^wE*<ya>«&gfrcR«**i*. - 

<?MMI=1 nm) (cffi-rc<t(zj;y x h;ixj£A< 
[ooss] (mcommm) ^rK»n*ib>3 10ft 

»a (wdm) eiH(c®ffl-r^c<t/)<prfi6-rjfe5 0 f^jx. 


(8) 


&m 2001-53679 


X. 40Gbit/s 0>\zv hU— h£ 4T**;H£5Tf ft*, 

^t-r^o &T-v*;u<z>9]y ata*it, 1547.6. 154 

9.2. 1550.8. 1552.4nm<tlTfto RTfc#8MMb»3 1 
0^b«ig(&*'i>&:ft£2 nmfa-r>^ili|i: u 
«#<®£11nm 3 >fcU £^fft<t. 

5£(14) T^b^U— t-y >yfi17.4mm<D^-V — Zfyr^C 

[0 0 5 9] 

[oo6o] a^»^*<i6*f*ai-r*ci:ic«fe 

[■■0>n*ttlMJl] 

[■2] «MK9fls*ia>M*2aHR«flC» a r7n9 
*0 e 

[■3] »a«fc»ifl>««»3a>«u««**-r^p^ 
[E4] pjai»a«<b«3 1 co«^j*^-r@ 0 

U6] xC(1) •C»**l«ft-?77^/^l/-fY 

>^3 1 1 Mf;i/*>j:tfsis«tti^tao 
[E7] a (2) -casfta^-^T-rAyu— ^f-f 

[18] ft-^77^/^L/-f >T>^3 1 1, 3 1 
[09] T* — ZfZ?T4 tty\s— 1 1 . 3 1 

2©»*#tttftt©w**-rBi. 

[01 o] a«o>*^r-f/<fl!>a*»««it**-rB. 

[011] Vft£MR*1bl|3 1 tt»*$M8rt»tt<D*i- 

— 0o 

[01 2] IM3 09 a y 1/^I4WU1BR3 
2a>«*«*^-r^n^^Ho 

[013] Mk*3ic«tt«»iK«ibim»»«iim-r 

ft0o 

[014] *y-fe„ h#fik«4bB*<Dl¥XSL &:ft#a<& 
glbS^-fBI. 

[015] 9«K1b(cj:«^ttKnic»-r«9JEK«1b« 
lft^"Ti)0o 

[016] »»K»rc*y»±-r 4 

BWTfftHo 

[01 7] ««i»3a)^a^^fi^ux;u»ttdiiatt3 
2o>«s&i. 2«aft«#*He*£9i*ft#»tta&fik 


KBi:J:i»btlMtil. 
[0 1 8] aft»»»«4<D*«< S>^v^*»jE«P5 0> 

[0 19] * 5 >^ 5?^ > ©BESaS KWt« B. 

[020] x»a»»4<oa&mi*tftt}Eaea>m!tLm 

[021] ME«&*a>i***tt*iMH'rftH.- 
[022] »fk9it» 1 ®sttMfti«£iM-B. 
[02 3] &mmmm^<ommmmm^7r^m Q 


1 «Mk*<bff 

2 ffiSlffi 

2 1 #a&s; 

2 2 *X-f^f 

2 3 ^a^^aiUHB 


2 3 1 h^-f:*-— K (PD) 

2 3 2 *«^-f (BP F) 

233 RFf-ff^^ 

2 4 %1)Zf^> 

2 5 ftiannB 

3 a&gjfflj 

3 1 RTK«HR«<b« 

3 11. 312 f 1 *— ^^t^/n^u— 

3 13, 314 3tK— * 
315 

3 1 6 eiy*? 

3 1 7 fc — * 

3 2 ^P^^«#U^U«ttfflEltt 

3 2 1. 3 2 2 pt^r-T/N* 

3 2 3 7* h^V*— K (P D) 

3 2 4 (BP F) 

3 25 RFfYT^ 

326 m»* 

3 3 lb±Zf^ 

3 4 MHIelK 

4 &fl$8Ji$ffi 

5 * * zmiEa 

5 1 

5 2 jfcMEMft 

52 1 h^-fyj-— K (PD) 

522 assess 

5 2 3 &m74Jl,$ (BP F) 

5 2 4 ^/W4f 

5 3 $P'y*ttdi0tt 

5 3 1 R F-r-f 

5 3 2 ffl|ftl(BlB 

5 4 *Htt«ttfBB8BB 

5 4 1 (&«5/?$ 

5 4 2 Sftif IBS 

5 5 3t^l@S 
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6 5£ffiffi CASHEW 

6 1 utmma 

m 1 1 

-A _jt 


62 SIMSJB#»*>7 H77-fA (DS F) 
6 3 A^ig^-C/U* OtBPF) 

[02] 


[03] 

dL 



Ca> 


[04] 

313 r&d 


[120] 
fcfcfflBSB 4 <D*3» ft SHOT 8 (DM 


(b) 



GBBDSF 












[08] 

L5Xr, 



&SJI 


[06] 


[0 7] 


J<«) At (a) 1l A. 


HI 


M 1 111=*' 


Cb) 



Cb) 



♦SWA 


(10) 


*$fp]2 0 0 1 -53 67 


[as] [H9] im 1 O] 



[01 6] 



(11) 


ftmz O 0 1-53679 


1 4] 


1 7] 


(a) yy*y h« 
AMD) 



DSP+KP 

+ AD 


0 


-AD 


1r >f °-d 0 a a 


[ID 1 8] 

/55 


± 


J 


119] 


t a a n 



'AAA 



[02 3] 


1 



*41 


BPF K ^ fttli^h -, 


1 ^ /SB 



JiBPFf 
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VfM 2001-53679 



(51) Int. CI. 7 N»IB* F I (#*) 

G0 2F 1/365 

(72)&ejJ# JEm F*-A(#%) 2H041 AA02 AA21 AB10 AB18 AC08 

m^^^FftEBE^BT-Tg 3# 1 # B 2H050 AC82 AC84 ADOO 

*^i^fi**5t£*±l*3 2H079 AA06 AA07 BA03 CA04 CA24 

EA09 EB26 EB27 FA01 
2K002 AA02 AB40 CA15 DA10 EA07 

GA10 HA16 
5K002 AA05 AA06 BA02 BA04 BA06 
BA21 CA01 DA07 FA01 


